The geographical area of India is 3.29 Â 10 6 km 2 and the annual average precipitation is about 4000 km 3 (about 1215 mm depth over the country). Large variations in agricultural practices, climate and land productivity result in large variations in agricultural productivity between states.
importing 50 million tonnes of grain annually (Allan 2002) .
The flow of virtual water through this trade is equivalent to 50 billion (10 9 ) m 3 , which is nearly the annual flow of the Nile River into Egypt (Allan 2002) . Allan (2002) noted that this has been a major factor in averting conflict over water in the region because, since the early 1970s, local water resources have been insufficient for the production of food for local needs. In the similar vein, water-rich countries could reap benefits from their abundant water resources by producing and exporting products that consume large quantities of water. Of course, in reality things are not so simple and additional questions of food security, energy security, employment, etc., enter the picture. Virtual water trade is becoming an important concept of water management at the global as well as regional level, particularly in regions where water is scarce. Many studies (Hoekstra & Falkenmark & Rockström (2006) argued that the focus of conventional water-resource planning and management is on liquid water, or blue water (surface water and ground water) which served the needs of engineers who were primarily concerned with water supply and infrastructure projects. However, blue water only represents one-third of the real freshwater resource -the rainfall over the continents. Most rain flows back to the atmosphere as a vapor flow, dominated by consumptive water use by the vegetation. Falkenmark & Rockström (2006) estimated that global food production consumes approximately 6800 km 3 a year of water worldwide. Of this amount, 1800 km 3 a year is consumed through allocation of blue water in irrigated crop production, whereas the remaining 5000 km 3 a year is consumption of the green-water resource.
According to NRC (1986) , the precipitation on land and oceans is 107000 km 3 a year and 398000 km 3 a year respectively while evapotranspiration from land mass is 71000 km 3 a year.
When analyzing food production, it is necessary to incorporate a second form of water resource, the green-water which is the moisture present in soil and plants. Aldaya et al. (2010) have evaluated the strategic importance of green water in relation to international commodity trade and have concluded that ''the importance of international green virtual water 'trade' and its contribution to water and food security in the future will, though, depend on factors such as the productivity of blue and green water, international trade agreements, the costs of engaging in trade, and the nature of domestic economic objectives and political considerations''.
The total water footprint of a nation or individual is made up of two components: the blue and the green water footprint.
The blue water footprint is the volume of water withdrawn from the global blue water resources to fulfill the national or individual demand for goods and services. The green water footprint is the volume of water used from the global green water resources to fulfill the demand for goods and services (Chapagain & Hoekstra 2004) .
Major crops of India and virtual water trade
India occupies the south-central peninsula of the Asian continent. The Republic of India is a Union consisting of 28 states and 7 union territories; New Delhi is the capital of India (Figure 1 ). In terms of area, Rajasthan (342,239 km 2 ) is the largest state followed by Maharashtra. Traditionally, India is an agriculture-based country; the agriculture sector has a vital place in the economic development of India as it contributes 23% of GDP and employs about 64% of the workforce. India has mainly two agricultural seasons. The Kharif is the monsoon crop season (June to October) whose crops include rice, millets, maize, groundnuts, jute, cotton, and pulses. The Rabi Season crops are sown in November and are harvested in April. The major crops of this season are wheat, gram (chickpea), and oil seeds. Besides these two, farmers in irrigated areas are able to reap a third harvest during May to July, which is known as the hot weather or Jayad season. In addition to food crops, India also produces a large number of non-food or cash crops like, sugarcane, tea, coffee, cotton, tobacco, rubber, and spices ).
The virtual water trade for India has been estimated by various authors (Hoekstra & Hung 2002; Zimmer & Renault 2003; Chapagain & Hoekstra 2004) . Kumar & Jain (2007) reviewed the status of virtual water trade from India. According to the latest estimate by Chapagain & Hoekstra (2004) , India has exported 42.5 Â 10 9 m 3 a year of virtual water with net export of 25.4 Â 10 9 m 3 /yr. Out of the total export of 42.5 Â 10 9 m 3 a year, crop trade contributed 76%, livestock 8% and industrial products 16%, whereas out of the total import, 81% trade was related to crop, 2% to livestock and the remaining 17% to industrial products. Soybean and palm oil were the major crops for virtual water export and import, respectively. During the period 1997-2001, India was among the top 15 gross virtual water exporters and among the top 10 net virtual water exporters. Chapagain et al. (2005) calculated virtual water export from India related to export of cotton products as 25.66 Â 10 9 m 3 a year, which consists of 16.83 Â 10 9 m 3 of green water, 5.75 Â 10 9 m 3 of blue water and the remaining 3.08 Â 10 9 m 3 for dilution water (it is the volume of water required to dilute waste, produced during the growth and processing of cotton, to such an extent that the quality of water remains within the agreed water quality standards).
In this paper, the virtual water associated with wheat and rice for different states of India has been calculated. The paper then quantifies the volume of virtual water export and import for various states of India related to trade of major food grains, i.e., wheat and rice.
METHODOLOGY
The virtual water content of a product is the quantity of water that is used to produce it. The quantity depends upon the technology and conditions of production. The virtual water associated with various primary and processed crop products, livestock products and industrial products for different countries including India was estimated by Chapagain & Hoekstra (2004) . In this study, the virtual water associated with various crop and crop products was calculated considering the country's average climate data. For example, to calculate the virtual water associated with crop products for India, the climate data used corresponds to the capital city of the country (New Delhi).
Like any other large country, the climate in India significantly varies spatially and hence the virtual water for various crops and crop products will also have large spatial variations depending upon the place of production. Keeping this in view, virtual water for wheat and rice for different states of India has been estimated using the data pertaining to that state.
The methodology described in Chapagain & Hoekstra (2004) and Hoekstra & Chapagain (2007) has been used to calculate the virtual water for the crops. The FAO PenmanMonteith method has been used to calculate the reference evapotranspiration, which is the evapotranspiration of grass given an abundance of water (Allen et al. 1998) 
RESULTS
The average reference evapotranspiration calculated by CROPWAT 8.0 for different states of India are given in The states having positive contribution of food grains to the central pool effectively export the virtual water whereas the states having negative contribution are importers of virtual water (Table 3) . During the year 2003-04, Haryana with a net export of 5706 Â 10 6 m 3 is the biggest exporter of virtual water related to wheat, whereas Maharashtra is the biggest importer with an import of 9559 Â 10 6 m 3 (Figure 3 ).
In this year, Punjab was the biggest exporter of wheat followed by Haryana, whereas Rajasthan imported the maximum quantum of wheat followed by Maharashtra. related to wheat and Tamil Nadu the biggest importer of virtual water (11082 Â 10 6 m 3 ) related to rice (Table 3) .
It is also seen that the virtual water associated with wheat and rice is the smallest for Punjab and Haryana, the two major contributors of food grain to the central pool. Among the importer states, the virtual water associated with rice is of the same order but it is many times more for wheat. Thus, there is considerable saving of water due to food grain trade at the national level.
DISCUSSION
Examination of the data given in Table 1 reveals some interesting facts. The yield of wheat in Punjab is nearly six times that of Karnataka while the yield of rice in Punjab is more than four times that of Madhya Pradesh and 1.5 times that of Karnataka. Thus foodgrains are generally being exported from high to low water productive zones. Table 1 also shows that the states that are advanced in industry and services need not be advanced in agriculture (as reflected in productivity). It may be noted that agriculture is labor intensive in India and hence high agricultural growth leads to more equitable social development.
Considering the data pertaining to wheat and rice for three years, Punjab, Haryana, Uttarakhand and Chattisgarh were the net exporters of virtual water, with the largest export from Punjab. Among the net importers, Maharashtra was at the top, closely followed by neighboring state Karnataka.
Other major virtual water importing states were Tamil Nadu, Madhya Pradesh, and Assam. A graphical representation of net exporters and importers is shown in Figure 4 .
The concept of virtual water trade was advanced as a means of overcoming water scarcity. Since agriculture is the main consumer of fresh water, countries that face water scarcity can and should meet their water demand for food through cereal imports from water-rich countries. Within a large country, the same logic could be advanced to different administrative units. However, the analysis presented here shows that this logic alone fails to explain the reality. water availability does not correlate well with virtual water trade.
A partial explanation of this can be given by noting that farmers in many states of India including Punjab and Haryana receive subsidized energy to pump ground water.
On account of this, large quantities of ground water are withdrawn in these states for irrigation. This largely insulates the farmers from the vagaries of monsoon and water does not become a constraint in agriculture production. A negative fallout of this is that the number of blocks (administrative units) where annual ground water withdrawal exceeds the recharge, is increasing with time. For example, out of 138 blocks (the ground water assessment units) in Punjab, 81
are over-exploited and 12 are severely over-exploited (CGWB 2006) . In over-exploited blocks annual groundwater withdrawal exceeds annual recharge and in severely overexploited blocks annual withdrawal is more than 85% of the annual recharge. In Haryana, 30 blocks out of 111 are overexploited and 13 are in the severely over-exploited category.
In view of this, the sustainability of Punjab and Haryana to contribute large quantity of food grains to the central pool is uncertain. Kumar & Singh (2005) opined that virtual water flow dynamics is controlled more by the access to arable land than access to renewable freshwater. An analysis of the Indian context shows that factors such as land availability and productivity, infrastructure to support agricultural activities, and farmers' entrepreneurship, land reforms, and rural credit system are the key factors that impact crop production.
These factors can be aggregated to create a regional productivity index that determines the surplus quantity of good that can be exported. 
CONCLUSIONS
Virtual water trade is still a fairly new concept which is slowly receiving attention. This paper reports the virtual water can be better explained by considering a ''regional productivity index'' which is a group of factors that determine the surplus quantity of goods that can be exported. In formulating country policies for foodgrain production and its import, other factors besides water, such as food security, employment, socio-political lobbies, skills of the people and traditional professions, etc. are equally and at times more important.
